Congenital abnormalities and malformations are more frequent in the urinary tract than in any other system of the body, and it is an interesting and important fact that they are very commonly multiple. It is quite usual to find both kidneys and ureters involved, or to find bladder and penile deformities with faulty development of one or both kidneys and ureters. Many of them cause little or no disability and are discovered incidentally during a urological or post-mortem examination. On the other hand, some few are incompatible with life, and by far the greater number gives rise to serious disabilities, chronic illnesses and often a shortened life.
In an article of this length it is impossible to give an account of all the various abnormalities that may occur and have been recorded from time to time, nor is it necessary for our purpose, and I propose therefore to consider only the more common abnormalities; those which are the causes of serious disabilities or illnesses, or give rise to difficulties and dangers in the diagnosis and treatment of urinary disorders.
The possible methods of development of the various abnormalities though of great interest are of no practical value from the point of view of treatment and will not be considered. Most of these conditions give rise to troubles in early life, even in infancy, only a small proportion of these cases reaching adult life before symptoms arise. The amount of illness in childhood directly due to malformations of the urinary tract is very large indeed. Practically all the chronic infections of the urinary tract, with the exception of the rare cases of tubercle, and those associated with calculi, are directly due to congenital malformations. Although these abnormalities have been known for years, their importance as the prime factor in chronic infection has not been appreciated. This failure to recognize their importance has been due almost entirely to the fact that until recently it has been impossible to investigate these cases on proper urological lines. Now, with modem instruments, and radio-opaque drugs both for intravenous and ureteric pyelography that can be used safely in children, it is quite possible to make a complete urological examination even in an infant. As a result knowledge of these cases is rapidly growing and with increasing experience, further important developments in treatment may be expected.
x. CONGENITAL-ABNORMALITIES AND MALFORMATIONS OF THE KIDNEYS. Abnormalities and malformations of the kidneys are extremely common and of great variety. Their frequency has been estimated at 3-4% of all cases examined post mortem. Variations and irregularities of the normal development of the pelvis and ureter are undoubtedly the most common of all urinary congenital abnormalities and while many of them are found accidentally and cause no symptoms, they are more frequently the cause of urinary disease than any other abnormality. A double pelvis is not uncommon. Absence of one or both ureters has been recorded, generally with absence of the corresponding kidney or kidneys. Occasionally a hydronephrosis present at birth, has been found with absence of the corresponding ureter, or the ureter represented by a fine fibrous cord.
Hydronephrosis and Dilatation of the Ureters. Hydronephrosis which may be unilateral, or bilateral, is caused by some obstruction to the urinary outflow, though in some of the bilateral cases no mechanical obstruction can be found. Hydronephrosis may be "closed " " intermittent" or "open."
A. Closed hydronephrosis is usually caused by an atresia at the ureteropelvic junction. (Fig. 2) (Fig. 3) . Strictures lower down in the ureter may at times cause the condition, and in this case there is an associated dilatation of the ureter. The most typical example of this condition is seen when it is caused by an aberrant renal vessel running to the lower pole of the kidney, and crossing usually in front of the ureteropelvic junction. The ureter becomes kinked and often bound to the pelvis by adhesions.
Any sudden increase in urinary secretion may cause a temporary block with severe renal colic, which unlike the sudden colic due to calculus begins gradually. The kidney can often be felt to be enlarged and tender during the attack.
C. "Open." This type is nearly always bilateral and seldom reaches a large size though the ureters are often relatively enormous. It is generally caused by some obstruction of the bladder outlet, or by urethral valves in the prostatic urethra. In some cases no obstruction has been found and the condition has been called idiopathic. (Fig. 4) .
Horseshoe Kidney and Hydronephrosis. Hydronephrosis caused by compression of the ureter over the isthmus of a horseshoe kidney is frequently found, and may reach a very large size. It is more or less centrally situated and may be mistaken for a distended bladder.
The symptoms caused by a hydronephrosis are :-i. Discomfort or pain due to distension of the sac.
2. Renal colic (in the intermittent type).
3. Renal insufficiency and uremia. 4. Infection and pyuria. Infection, often of a severe grade, sooner or later occurs in nearly all cases, though with the '" closed" and "intermittent" types it may not occur before adult life. In the "open" type infection occurs early, often during the first few months of life and is of a severe grade.
Supernumerary Ureters. A double ureter may be present on one or both sides, and may be complete or incomplete. Junction of the two ureters may take place anywhere between the kidney and bladder. Though it is more common for them to join than to open separately into the bladder; two ureteric openings on one side of the bladder are not very rare. On the other hand, four entirely separate ureters with four separate openings into the bladder is extremely rare.
In every case of double ureter, each ureter comes from its own pelvis and the pelves do not communicate with one another, an important point to remember, for it is quite possible to have a pyonephrosis of one pelvis while the other remains healthy, and a heminephrectomy may be quite feasible. Aberrant Implantation of Ureter. Extravesical ending of the ureter has been recorded on a number of occasions both in the male and female, the abnormal ureter not infrequently being an extra one. In the male the ureter has most often been found opening into the prostatic urethra, and has been recorded opening into the vas deferens, seminal vesicle, or ejaculatory duct. In the female the aberrant opening has been found most often in the vagina, but may occur in the vestibule, or urethra, and has been recorded in the uterus, and fallopian tubes.
In the male the condition does not give rise to symptoms of incontinence as the opening is above the external sphincter, but in the female when the opening is in the vagina, or vestibule, incontinence is the rule and it is usually present when the opening is in the urethra. In the female constant dribbling of urine, with at the same time perfect bladder control and normal power of micturition, is practically certain evidence of extra vesical implantation. Stenosis of the ureteric opening in the bladder, causing a prolapse of the mucous membrane and the formation of a ureterocele, is another cause of ureteric obstruction. The ureterocele which consists of two layers of prolapsed mucous membrane, ureteric and bladder, forms a smooth, glistening, semitranslucent swelling, over the site of the ureteric orifice, and is usually the size of a grape but may be considerably larger. (Fig. 5) . In the female it sometimes prolapses down the urethra, and shows as a small cyst between the labia.
The appearance as seen on cystoscopy is quite characteristic, and the pinhole opening of the ureter may sometimes be seen on the surface of the cyst. At times the cyst can be seen to fill and empty as the peristaltic waves pass down the ureter. Ureterocele is not infrequently associated with a double ureter, the opening of one ureter being stenosed, and the opening of the second being hidden by the ureterocele.
Congenital strictures may cause atrophy of the kidney, but more frequently cause hydronephrosis, and dilatation of the ureter above the stricture. Many cases of congenital dilatation of the ureter are seen where no obstruction can be found, they may be unilateral or bilateral and a hydronephrosis of the corres-ponding kidney may or may not be present, but there is usually some pelvic dilatation. (Fig. 4) . Presumably this type of megalo-ureter is due to failure of the neuromuscular development.
Of all the abnormalities and deformities of the urinary tract, there is no doubt that strictures and dilatations of the ureters are the most important, from their very great frequency and the fact that sooner or later they cause damage to the kidney.
Meredith Campbell found 42 cases of gross ureteral blocking in 2,420 autopsies on children at the Bellevue Hospital; an incidence of nearly two per cent. In addition to the back pressure effects on the kidney, in consequence of the stagnation of urine, infection often of a severe grade is only a question of time. By far the greater number of these cases gives trouble in early childhood or infancy, and few reach adult life before symptoms arise. These cases of dilated pelves and ureters are very liable to be complicated by the presence of calculi, and it is much more common in children to find a calculus in a congenitally dilated ureter, than it is to have a dilatation of the ureter secondary to a calculus.
Chronic pyuria with frequent exacerbations is extremely common in early childhood, and it is no exaggeration to say that ninety-nine out of every hundred cases are due to some delay in emptying of the ureter, either from a congenital stricture, or dilatation with an imperfect musculature. It is not generally recognized even, yet that every case of intermittent or chronic pyuria in childhood must have a complete urological investigation, and that there is no such condition as "chronic pyelitis". It is extremely doubtful if there is such a lesion as "acute pyelitis"; the lesion is almost certainly a general infection of the kidney.
Symptoms in these cases vary from a mild persistent bacilluria, and pyuria, with general ill-health and irregular febrile attacks, to a constant heavy pyuria with attacks of fever and severe pain; the deposit of pus aften diminishing at the onset of the attack, and a large increase in quantity coinciding with the subsidence of the pain and temperature.
The treatment of these cases necessarily depends on the nature of the lesion, whether there is more than one and whether both sides are involved.
Ureteroceles and ureteral strictures in the bladder wall can be readily dealt with by operation, but plastic operations on the kidney pelvis and upper end of the ureter are seldom satisfactory, especially in children when most of these cases come under treatment. Dilatation of strictures by ureteric bougies can seldom be accomplished in children. In cases of gross infection and dilatation of the kidney and ureter, nephrectomy when practicable is the best treatment. In some of the milder degrees of infection pelvic lavage may be tried, but this is a difficult operation in the child and any benefit that is gained is purely temporary. Many at other times it is closed at the ends and a cyst, sometimes of large size, develops between the peritoneum and the anterior abdominal wall.
Two types of double bladder have been recorded, in one form the division has been into two lateral halves, and in the other into anterior and posterior. The division may be incomplete, and a double bladder with two urethrae has been found.
Diverticula of congenital origin are not infrequent and are usually found opening onto the base or lateral walls. They may reach a large size and though they seldom give trouble in childhood, in adult life complications are frequent.
Most often the symptoms are those of cystitis with residual urine containing a large amount of pus; calculi frequently form in the sac, and where the diverticulum is situated near the ureteric orifice, the ureter may be obstructed with resulting back pressure effects on the ureter and kidney.
On cystoscopy, diverticula are readily recognized as round, dark, openings in the bladder wall, and an estimate of their size can be obtained from a cystogram.
Obstruction at the Internal Meatus.
A submucous fibrosis of the bladder outlet has been recorded by Meredith Campbell in male infants, symptoms of difficult micturition and retention, often being present from birth, or occurring during the first few years; in others, symptoms may be delayed till adult life. In twenty out of three hundred and fifty-five cases the bladder-neck fibrosis recorded by Young the lesion was considered to be congenital.
Ectopia Vesicae. This is a condition in which the anterior vesical wall and part of the abdominal wall are absent. The posterior wall of the bladder and trigone are exposed on the surface. It is found in both sexes but is more common in males, and appears above the pubis as a raised red area of mucous membrane on which the openings of the ureters can be seen. It is associated with a malformed epispadac penis and absence of the symphysis. Nondescent of the testes is a usual accompaniment, and the ureters and kidneys are frequently malformed. Ascending infection of the ureters occurs sooner or later, and Buerger records that only 23 of 74 untreated cases reached 20 years of age.
Many forms of plastic operation have been devised to deal with the defect by turning in skin flaps to cover the raw surface, and form some sort of receptacle for the urine, but none of them has proved satisfactory. The flaps constantly break down, and operations have to be repeated many times to get even a partial success, and thern the patient still has no control. Later the formation of phosphates on the skin flaps is a constant source of trouble and distress.
The most satisfactory method of treatment is by transplantation of the ureters into the rectum, or sigmoid. Of the various ways of doing this, the operations of Maydl and Sir Harold Stiles are the most satisfactory. In Maydl's method an oval area of bladder wall containing the ureters is freed from the rest of the bladder and transplanted into the sigmoid. In the operation devised by Stiles, the ureters are dissected out, and transplanted separately into the lowest part of the colon. The second ureter is transplanted some weeks after the first and the operation should be done about the age of six or seven. Infection of the kidneys follows almost certainly in every case and ingenious methods for making valvular openings into the bowel with the hope of preventing this have been devised, notably by Coffey. Although the danger of pyelonephritis is a very real one, many of these patients establish a tolerance to the infection and grow up to lead healthy and useful lives. Rectal control is soon established and urine can generally be retained for three or four hours. Grey Turner published a very valuable account of the operation with a list of cases in the "British Journal of Surgery," I929.
5. PENIS AND URETHRA.
Epispadias. The urethra opens on the dorsal surface of the penis; three degrees are recognized, first a cleft only in the glans, second a cleft extending the whole length of the penis, third a cleft of the whole length associated with ectopia vesicae. In the second and third degrees there is no sphincteric control. Plastic operations to form a sphincter have not proved successful, and the question of ureteric transplantation should be considered.
Hypospadias. According to their position ventral clefts of the urethra are divided into (i) glandular, (2) penile, and (3) perineal.
In glandular hypospadias the urethra ends at the base of the glans, which is generally grooved. In the perineal type the opening is between the scrotum and anus, the scrotum is in two halves and the testes generally undescended. The valves are formed of mucous membrane and are found in the posterior urethra. Professor Young describes three types, the first two in connection with the verumontamum, while the third forms a partial diaphragm with a central opening, and may be found at different levels in the posterior urethra.
The first two types spring from the upper or lower ends of the verumontamum and form folds extending round the sides of the urethra to the anterior surface.
The folds may be single, or double, and represent exactly the valves of the veins, (Figs. 6 and 7) . Unless double and the opening between them very small, they offer no obstruction to the passage of a catheter. The diaphragm type can be recognized as a definite obstruction on passing a bougie. The first two forms are necessarily found only in males, but the diaphragm type has also occasionally been recorded in girls. (Fig. 8 ).
Generally these cases die of uraemia in infancy, or during the first few years, but if the obstruction is not of a severe grade they may go on to adolescence, or adult life, though if untreated all ultimately die from the effects of back pressure on and infection of the kidneys.
The clinical picture of these cases is characteristic. A male child or infant is brought up with a history of never having been able to pass urine properly since birth. The stream has always been weak or a mere dribble, later continuous enuresis develops. On examination, the child is found to be small and undeveloped for his age, pale and listless, and often very thirsty and showing signs of uraemia. The clothes are soaked with urine, the bladder distended to the umbilicus or higher, and urine is dripping from the penis. The urine is of low specific gravity, contains a cloud of albumin and pus, and is nearly always heavily infected with B.coli even in the first few months of life. The blood urea and renal function tests show that the kidneys are badly damaged.
Treatment consists in gradual decompression of the distended bladder followed by destruction of the valve. The valve may be destroyed by a special punch, invented for the purpose by Young, or by the retrograde passage of bougies through a suprapubic opening. Young, Campbell and others have reported a number of successful cases, but the majority of those seen in this country are moribund when first brought to hospital.
